SUMMARY Mean weight at birth of unaffected (normal homozygous and PKU heterozygous) offspring of parents heterozygous for the phenylketonuria (PKU) allele averages significantly above that of Norwegian neonates, with no significant difference in mean age of mothers or in mean parity. It approaches the optimal birthweight-that which confers the minimum overall mortality in the pre-, peri-, and postnatal periods. This near-optimal birthweight together with the possibly higher effective fertility observed in PKU heterozygous couples (at least in those who married before 1940), has apparently more than outweighed the disadvantages of the allelele in PKU homozygous offspring as shown, for example, in an excessive number of pre-and perinatal deaths among the total offspring of PKU heterozygotes, to say nothing of the PKU survivors who, often, used to die young. The two effects-fertility and viability-apparently both contribute in the same direction, to give a biological fitness in excess of 1 for the heterozygote. This heterozygote advantage presumably explains the presence of the allele at frequencies above those to be expected from the simple replacement of a homozygously-lethal allele by mutation alone.
The chances for further survival to 1 year of age appeared to be best for neonates of either sex that had a weight at birth of approximately 4500 g.
Weights at birth of children with PKU born in Norway between 1940 and 1973 and of their non-PKU sibs were investigated, using the information in the maternity hospitals (Saugstad, 1972) . Controls were all births in Norway between January 1967 and January 1969 from the Medical Registration of Births (T. Bjerkedal, 1973, personal communication) , which is based on forms completed on the ninth day of life.
The number of pregnancies (including abortions and pre-and perinatal deaths) of the heterozygous mothers with PKU offspring were also investigated and compared with a control series of 230 nonprimiparous women, of unknown heterozygosity for PKU, consecutively admitted for delivery in Oslo in 1967. In addition, the numbers of liveborn offspring in 36 families with PKU offspring born in Norway before 1940 were investigated (Saugstad, 1975a (F0lling et al., 1944 Toxaemia has been defined as blood-pressure above 140/95 mmHg, plus proteinuria and oedema. Pieterm births = 37 weeks or less.
Mean parity of the 135 695 controls was 2-24, with 36-9% first-borns, 29-8% second-borns, 18-34O third-borns, 9-1% fourth-borns. There were 6-1% of higher parity, with a mean parity of 6-1. Mean age of control mothers = 26-74 years, and of PKU heterozygous mothers when delivering the non-PKU offspring = 26-54 years.
In the controls, mean birthweight of both sexes combined increased by 140 g from first-to second-born, and by 55 g between second-and laterborns (Saugstad, 1972) . Mean birthweight for the controls was maximal for the fourth child (males) and the fifth child (females) and thereafter slightly declined. The sex difference in mean birthweight ranged from 117 g (in first-borns) to 161 g (in fourth-borns), with a mean of 140 g.
were obtained from the various obstetric depart- in 24 families the PKU child was the only living child; in 5 of the families with 2 children each, both children were affected; in 7 families, information was incomplete.
In the remaining 43 families-those with both PKU and non-PKU offspring-the birthweights could be compared. Those of non-PKU offspring averaged significantly above those of the PKUs, in spite of the mean duration of pregnancy being 10 days shorter, and in spite of there being no difference in the high frequency of pregnancy abnormalities (Saugstad, 1972) (Table 2 ). Mean parity was 2-25 for the non-PKU offspring as compared with 2-88 for the PKUs.
The estimated correlation coefficient between birthweights of affected sibs and those of unaffected (non-PKU) sibs was + 0-35 (103 pairs), whereas the correlation coefficient between unaffected sib and unaffected sib with reference to birthweight was approximately + 0-54 (68 pairs). The mean birthweight of the non-PKU offspring also averaged significantly above Norwegian neonates born between January 1967 and January 1969, despite a shorter mean duration of pregnancy, and despite there being no particular difference in mean parity or in mean age of mothers (Table 1) . There was only a negligible difference in birthweight between the sexes among the non-PKU offspring, as compared with a male excess of 121 g among all Norwegian neonates. The mean birthweight of the non-PKU offspring showed only a negligible increase with parity (Saugstad, 1972) , whereas mean birthweight of the controls increased by about 140 g from the first to the second Number of cases in brackets.
Within the 43 sibships, the PKU sib averaged 15-0% below the mean birthweight of the non-PKU sibs. The standard deviations of the PKU and non-PKU groups were, respectively, 144%' and 55%' of the mean birthweight of the non-PKU sibs.
The percentages of children by increasing parity are, respectively, 26-5, 28-6, 8-2, 22-4, 14 3, 4-1, 6-2, 2-0, 0, 2-0 among the PKU children (mean parity 2 88) and 32-6, 31-4, 26-7, 3 5, 2-3, 0, 3 5, 0, 0, 0 among the non-PKU sibs (mean parity 2-25).
child, and thereafter only slowly until after the fourth child (T. Bjerkedal, 1973, personal communication) . This is in agreement with observations by other authors (James, 1969 (Saugstad, 1975a) . (Saugstad, 1973) . As regards the control series, the rates of prenatal and perinatal deaths and abortions are fairly well in accordance with those in the general population in 1967.
Discussion
The mean weight at birth of non-PKU offspring of PKU heterozygous women averages significantly above that of Norwegian neonates. The question arises whether this increased mean weight at birth of non-PKU offspring could be related to an excess of later born children among the non-PKUs, as mean birthweight increases with parity. However, mean parity for the non-PKUs was 2-25 as compared with 2-24 for the Norwegian neonates delivered in 1967 and 1968 . Of the 86 non-PKU offspring, only 8 (9-35/%) were of parity 4 or more, as compared with 1 5'3% of the controls. More particularly, the mean birthweight of non-PKUs increased negligibly with parity (I-II = -27 g, 1-III = + 18 g). There is a non-significant reduction of the usual male excess in birthweight (say 120 g) in regard to the non-PKU offspring (+ 12 g, S.E. 99).
Within the affected sibships, the variation in birthweight of the unaffected (non-PKU) offspring was small (SD 5-5% of the sibship mean). An investigation of 47 well-to-do families in Oslo with 4 or more children, showed a standard deviation of 7-9y. of the sibship mean. This is higher than the value of 4 6% obtained by Turner (1971) in his investigation of 55 group.bmj.com on December 18, 2017 -Published by http://jmg.bmj.com/ Downloaded from well-to-do families with 4 or more children. However, he adjusted the firstborn weight to that expected for a second-born, and in the 47 Norwegian families that adjustment (the mean difference in birthweight between the first two children) would have been + 9-1%, with a consequent reduction in standard deviation. The mean birthweight of the non-PKU offspring of PKU heterozygous women approaches the optimum birthweight-that which carries the lowest pre-and perinatal mortality rates-thereby improving the chances of survival of the PKU mutant allele. This heterozygote advantage-fast fetal growth of non-PKU offspring (i.e. normal homozygous and PKU heterozygous)-is perhaps sufficient to explain the observed survival of the allele at frequencies unlikely to be maintained by fresh mutation alone. In Norway there exists a seasonal variation in infant mortality with a minimum survival rate in January, February, and March, the coldest months of the year. The chance for further survival to 1 year of age appears also to be least for those infants born during these months (Bjerkedal and Bakketeig, 1972) . For survival neonatally and in early infancy, a birthweight above the mean is certainly advantageous in cold climates, and it was probably of even greater importance in the past when mortality rates were higher.
In the 1830's in Norway, the overall mortality was 14%. ranging from above 20% in the coastal deaneries to values below 10% in the inland deaneries (Drake, 1969; G. S. Lettenstr0m, 1974, personal communication) . If we accept the possible hypothesis that the PKU mutant allele was brought to Norway from the Western Vildng settlements, 1000 or more years ago by immigrants (Saugstad, 1975b) , the observed excess of growth potential in utero among the female carriers of the allele may have been a particularly important factor in the survival of the allele, from that time.
A birthweight that is greater in unaffected sibs than in the controls has also been observed in sibs of children with cystic fibrosis of the pancreas, where mean birthweight of unaffected male sibs was 142-6 (SE 73-6 g) greater, and that of unaffected female sibs 137-8 g (SE 64-3 g) greater than that of controls, whereas the difference in birthweight between affected and unaffected sibs was 245 5 g (SE 106-30 g) for males and 273-6 g (SE 100-26 g) for females (Hsia, 1959) . The correlation of birthweight of unaffected with affected sib was low (+ 0-35, 181 pairs), whereas the correlation of birthweight of unaffected with unaffected sib was + 0-53 (89 pairs). An investigation of galactosaemia (Hsia and Walker, 1961) has also revealed a mean birthweight of unaffected sibs significantly above that of their affected sibs.
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Of the PKU heterozygous women investigated, only one has developed diabetes, and glucose tolerance tests were unremarkable in 2 PKU heterozygotes with overweight firstboms (birthweight above 4500 g). In PKU homozygous children, unremarkable glucose tolerance and insulin response tests have been recorded (Hefferman, 1971) . The observation that few of the mothers of overweight infants develop diabetes, and that about 90% of the infants have unremarkable glucose disappearance rates, also makes it unlikely that hyperglycaemia is responsible for the fast fetal growth (Saugstad, 1972) .
In regard to the observed possibly higher fertility among PKU heterozygous couples who married before 1940, it should be remembered that in the majority of the 36 couples, the diagnosis of PKU in the offspring was made before the end of the reproductive period, and several induced abortions have actually been performed. (Saugstad, 1973) . Information on reproductive incompetence was obtained from the hospital records in regard to the control series as well as in regard to the PKU heterozygous women. It is conceivable that reproductive compensation for the excessive number of abortions and pre-and perinatal deaths could account for the observed greater effective fertility (number of liveborn children) among the PKU heterozygous couples than in the control series. Though there is no simple relation between a tendency to spontaneous abortions and fertility, it has been seen that at least a proportion of abortion-prone women tend to do more than replace their loss (James, 1961 (James, , 1963 
